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(57) Abstract 



A yield enhancement system organizes defect classification and attribute information into a global classification scheme. Iht global 
classes are used to identify defect sources and to generate inspection and review plans. The system accumulates defect information in a 
database and continually refines the information to improve the accuracy of the classification assignments and the identification of the defect 
sources. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Anncnia 


Fl 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


Prance 


LU 


Luxembourg 


SN 


Senega) 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


DA 


Bosnia and Herzegovina 


GE 




MD 


Republic of Moldova 


TO 


Togo 


BU 


Bartados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


CN 


Guinea 


MK 


The former Yugoslav 


TM 


T\irkmenbtan 


BK 


Burkina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BC 


Bulgaria 


HU 


Hungaiy 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


EScnin 


IE 


Irclami 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BV 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN ' 


Vict Nam 


CG 


Cffligo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Caic d'l voire 


KP 


Democratic Pe(^He*s 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






ON 


China 


KR 


Republic of Korea 


PT 


P&rtugal 






cu 


Cuba 


KZ 


Kazalcstan 


RO 


Romania 






cz 


Czech Republk: 


LC 


Saint Lucia 


RU 


Russian Fedemion 






D£ 


Gcnnflny 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SB 


Sweden 






KK 


Estonia 


LR 


Liberia 


SG 


Singqwie 







wo 99/59200 PCTAJS99/09933 

FAB YIELD ENHANCEMENT SYSTEM 



RELD OF THE INVENTION 

The present invention relates to semiconductor fabrication systems 
and, more specifically, to a system for identifying the sources of wafer defects 
and using this information to control the processes in a fabrication plant. 

BACKGROUND OF THE INVENTION 

Semiconductor fabrication involves processing a piece of a 
semiconductor material (referred to as a wafer) to create electronic circuits 
such as transistors, resistors and inductors on the wafer These circuits are 
fornied by depositing material on the wafer, doping areas of the 
semiconductor with other elements and etching the wafer. These processes 
also create the connections between the circuits. 

Although a wafer is relatively large (e.g., several inches in diameter), the 
circuits are quite small. For example, state of the art fabrication processes 
can produce a circuit having a feature size in the sub-micron range. As a 
result, the error tolerance of fabrication systems is very small. Consequently, 
even the slightest error in the fabrication process can cause a significant 
number of defects in the processed wafer. 

The incentive to reduce the number of defects in the wafer production 
process is compounded by the cost of the fabrication plant ("FAB"). The cost of 
building a state-of-the-art FAB typically exceeds one billion dollars. As a result, 
it is imperative that the FAB yield be as high as possible to maximize the return 
on this investment. 

The need to increase the yield in the FAB has led to the development of 
a variety of tools that identify defects in a wafer. Some tools enable a FAB 
operator to visually inspect the wafer (or a representation of the wafer) to locate 
defects. Typical tools of this type include optical inspection systems and 
scanning electron microscopes ("SEMs"). Other tools provide defect 
information in the form of data. Several of these tools group the defect data 
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into classes. Given that similar defects may be caused by similar sources, 
this technique allows a FAB operator to more easily identify certain sources of 
defects. 

In sum, conventional FAB tools may provide a plethora of FAB defect 
information. However, many of these tools do little more than generate the 
information and leave it to the operator to sort, classify and interpret the data. 
Thus, a need exists for a FAB yield enhancement system that can interpret this 
data and provide it to an operator in manner that enables the operator to 
efficiently locate the sources of the defects. 

SUMMARY OF THE INVENTION 

The present invention provides an automated yield enhancement 
system that identifies sources of defects on wafers and uses this information 
to control the fabrication process. The system collects defect information from 
the tools in the FAB and produces a global set of defect classes. Throughout 
the fabrication process, the system continually updates and reclassifies the 
global classification based on the current and prior defect data. Using the 
defect classification information and other FAB data, the system automatically 
identifies the sources of the defects and refines the analysis procedures used 
by the FAB inspection and review tools. In addition, the system may use the 
defect information and other FAB data to automatically adjust the operation of 
the FAB process tools to prevent similar defects from being formed on 
subsequently produced wafers. 

In the global classification scheme, each defect is classified according 
to its characteristics. Preferably, these characteristics bear on the source or 
the severity of the defect. In contrast with conventional systems, a system 
constructed according to the invention provides a single, global classification 
scheme for defect information that may originate from a variety of tools that 
may otherwise be unrelated. 

The system stores the classification data and other infoanation related 
to the defects in a defect database. This information may include 
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classification identifiers, defect source candidates and parameters that 
represent a relative confidence level that the identified candidates are indeed 
the source of the defect. In addition, the system may store optical review data, 
SEM information and wafer defect maps that are associated with the defects. 

As new defects are processed, the information for the defects may be 
compared with corresponding information in the defect database. These 
classifications are continually refined and updated based on the defect 
information and other inputs from the FAB such as parametric data generated 
by tests conducted on the wafer. 

To identify the source of a defect, the system processes the 
classification data generated by the yield enhancement system and defect 
source data provided by FAB tool vendors. Once the potential source of a 
defect is identified, the system may use this information to modify the 
inspection and review plans for the optical inspection and review tools, the 
SEM inspection and review tools or any other inspection, review or metrology 
tools. In addition, when the source of the defect is associated with a process 
tool that may be controlled by the yield enhancement system, the system may 
automatically adjust the process tool to eliminate the defect in subsequently 
fabricated wafers. 

By continually updating the defect information and the review tool 
procedures based on accumulated data, the system may identify the sources 
of the defects more accurately than conventional systems. Moreover, by 
integrating defect information from all of the FAB tools, the system may quickly 
identify the source of a defect and automatically correct the problem or enable 
the FAB operator to do so. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features of the invention will become apparent from the 
following description and claims, when taken with the accompanying 
drawings, wherein similar reference characters refer to similar elements 
throughout and in which: 
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FIGURE 1 is a block diagram of one embodiment of a FAB including a 
yield enhancement system constructed according to the invention; 

FIGURE 2 is a block diagram of a FAB process flow for one 
embodiment of a yield enhancement system constructed according to the 
invention; 

FIGURE 3 is a flowchart illustrating defect processing operations in one 
embodiment of a yield enhancement system constructed according to the 
invention; and 

FIGURE 4 is a flowchart illustrating a review plan refinement process in 
one embodiment of a yield enhancement system constructed according to the 
invention. 

DESCRIPTION OF EXEMPLARY EMBODIMENTS 

In FIGURE 1. a yield enhancement system 18 in a FAB F processes 
defect data and other information generated by a FAB host 20 and several FAB 
tools 22, 24 and 26. The FAB host generates work-in-progress ("WIP") data 
that provides information about the wafer currently being processed. The 
inspection tool 22 automatically generates wafer defect maps and, optionally, 
automatic defect classification data and other information related to defects on 
the wafer. The automatic defect classification data may include, for example, a 
classified wafer defect map, defect class data and defect attributes. The 
inspection tool 22 can be, for example, one or more of the "ORBOT WF 7xx" 
series equipment available from Applied Materials of Santa Clara, California. 
The review tool 24 may be used to review the wafer according to the defect 
map. If used, the review tool 24 may generate images of the defects and may 
provide additional automatic defect classification data and other defect 
information. The review tool 24 can be. for example, an "OPAL 9300" Defect 
Review SEM available from Applied Materials of Santa Clara, California. 
Irrespective of the defect inspection and review, the test tool 26 performs 
electrical tests on the wafer. These tests produce infomnation that relates to 
the actual operating parameters of the wafer circuits. 



4 



wo 99/59200 



PCT/US99/09933 



The yield enhancement system 18 includes several components that 
cooperate to identify the sources of the wafer defects and improve the wafer 
inspection process. An integrated automatic defect classification ("lADC") 
component 28 integrates the information provided by the tools into a global 
classification scheme. It then refines this information in an attempt to 
generate the best defect classifications assignments for the current 
production, process. 

A defect knowledge database 30 accumulates defect data generated by 
the process tools and the yield enhancement system 18. The defects 
database 30 provides a reference database of known defects, their 
characteristics, and their sources. 

An automatic defect source identification system 32 ties together all the 
information from the lADC and the defect database. The identification system 
32 then applies intelligent decision algorithms to this information to identify the 
sources of the defects. In addition, the identification system 32 may provide 
defect warnings, suggested test procedures to validate the sources of the 
defects, and suggested corrective actions to fix the problems. 

A smart sample planner 34 uses the classification data and the 
accumulated knowledge in the system to optimize the FAB review, the 
inspection strategy and the overall sampling strategy of the FAB. 

With the above overview in mind, the details of the system will now be 
discussed in more detail in conjunction with FIGURES 2-4. FIGURE 2 
describes a process flow in a FAB that incorporates a yield enhancement 
system according to the present invention. FIGURE 3 describes data flow 
associated with an lADC. FIGURE 4 describes data flow for one embodiment 
of yield control planning and sample planning processes operative according 
to the invention. To reduce the complexity of the drawings, only one inspection 
tool 22, review tool 24 and test tool 26 may be illustrated in some of the 
drawings. It should be appreciated, however, that a given FAB may include 
more than one inspection tool 22. review tool 24 and/or test tool 26. 
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Referring now to FIGURE 2, a wafer 40 is sequentially fed to an 
automated defect Inspection tool 22 and, optionally, to an optical defects 
review tool 24A and a SEM defects review tool 24B as represented by dashed 
line 41. At each stage of the inspection and review process, the tools send 
defect information to the yield enhancement system 18. The yield 
enhancement system 18 classifies the defect data, stores it in the defect 
database 30 and, as necessary, provides updated review procedures to the 
review tools 24A and 24B. 

The inspection tool 22 generates inspection data including defect maps 
44 and, optionally, classification attributes and classification results. The 
classification attributes refer to intermediate level data. That is, the results of 
tool sensing or image processing. Tool sensing may involve, for example, 
analyzing the wafer with a tool that uses a light source and a light sensor (e.g., 
a charge-coupled device). These results may be characterized as a collection 
of attributes such as size, location, shape, color, position on the layer and 
sensing signal characteristics (e.g., signals from the tool sensing that are 
proportional to the intensity of the detected light). The classification results are 
class identifiers. Each automatic defect classification tool (e.g., 22, 24A or 
24B) may define its own set of specific identifiers and associated classes. 

The inspection tool 22 sends its defect information to the lADC 28. The 
lADC analyzes this Information and identifies clusters of defects, repeating 
defects and overlay defects. In addition, the lADC calculates a spatial 
signature analysis for the defects. 

Using the defect classification data, the lADC 28 generates alarms and 
warnings that are based on control limits for defect levels, defect distributions 
and other criteria. In addition, the lADC generates a review plan for an optical 
review station 24A, a SEM review station 248 or any other review tools, as 
necessary. 

If the wafer 40 contains defects that need to be studied further, the wafer 
40 may be sent to the optical defects review tool 24A. The review tool 24A 
generates a classified defects map 46, optical images and. optionally, optical- 
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based automatic defect classifications (not shown). Again, the defect 
classifications may include classification attributes and classification results. 

The lADC 28 processes this information to obtain global defect 
classifications. To this end, the lADC may refine the data using data stored in 
the database 30. In addition, the lADC reclassifies the incoming defect 
information to conform to the global classifications that the lADC has 
generated for all defects in the FAB. Finally, the lADC assigns a confidence 
level to the defect and stores this infomiation with the defect in the defect 
database 30. 

In one embodiment, defects are classified in the global classification 
scheme based on similar spatial signature analysis results and similar on- 
the-fly automatic defect classification results. In addition, the images may be 
associated with the defect data per the defect classification scheme. In any 
event, the defects are presented to the FAB operator as a single, unifonn set of 
defect classes. 

As above, based on the defect classifications, the lADC generates 
alarms and warnings. In addition, if needed, the lADC generates a SEM 
review plan. 

If SEM review is desired, the wafer 40 is sent to the SEM defects review 
tool 24B. The review tool 24B generates a re-classified defect map (not 
shown), SEM defect images and. optionally, SEM-based automatic defect 
classifications and, if needed, composition data such as EDX. 

The lADC 28 processes the SEM information to further refine and 
globalize the defect information and assign new confidence levels to the 
results. Finally, the lADC generates alarms and warnings, as necessary, and 
stores the classified defect map in the database 30. 

FIGURE 3 describes the basic operations of the lADC 28. Briefly, the 
lADC 28 receives defect data from the inspection and review tools 22, 24A and 
24B. At blocks 50, 52 and 54. the lADC 28 classifies the defects based on the 
defect data and data from spatial signature analysis 56 of the wafer defects. 
The lADC stores all of the data related to the defects in the database 30. Thus, 
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the defect data is readily available for future classification searches 58 and 60. 
In addition, as represented by blocks 62 and 64, the lADC 28 has "learning" 
capabilities in that it continually refines the defect classifications and defect 
source data based on received defect data. As discussed above, the defect 
source identification system 32 uses the defect data to identify the source of 
the defects and initiate corrective action. 

Turning now to the details of FIGURE 3, the lADC 28 aligns and 
consolidates the defect data from all the local automatic defect classification 
("ADC") tools to produce unified classification. 

Each of ADC tools depicted in FIGURE 3 analyzes detected defects and 
generates defect attribute data. For example, referring initially to the inspection 
based ADC tool 22, the tool 22 inspects the wafer and classifies detected 
defects. When available (for example when using the "ORBOT WF 7xx" series 
equipment), the tool 22 performs on-the-fly automatic defect classification. 
Tool 22 then sends the local automatic defect classification attribute data (e.g., 
intensity of scattered light, etc.) to the lADC 28 as represented by line 66. As 
represented by block 50, the lADC processes the attribute data from the tools 
(line 68) along with spatial signature analysis information (line 70) and data 
from an ADC learning system 64 (via line 65) to generate integrated attribute 
classifications. The spatial signature analysis information 70 consists of a 
conventional set of algorithms that describe a zonal analysis of defects 
distributed across the wafer. The ADC learning system 64 is described in 
more detail below. 

Each of the ADC tools depicted in FIGURE 3 also processes the 
attribute data to classify the defects into local, tool-specific classes as 
mentioned above. Referring again to the inspection based ADC tool 22, the 
tool 22 provides local automatic defect classification results (e.g., a classified 
defect map) to the lADC 28 as represented by line 72. The lADC 28 uses the 
class data from the tools (line 74) and the integrated attributes (line 76) to 
generate globalized classifications 52. At this stage, the various class 
identifiers from the FAB are translated into a unifonn, global set of classes. 
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The lADC 28 stores all of the classification parameters related to the 
defects in the database 30. Specifically, the lADC stores the refined 
classification data (line 78) and the integrated attributes classification 
infomnation (line 80) in the defect knowledge database 30. This includes 
automatic defect classification attribute data (block 60) that may be accessed 
during knowledge-based searches of the database 30. 

The lADC 28 also stores defect image and composition data (line 82) in 
the database 30. This information originates from the optical tool 24A and the 
SEM tool 24B in the form of raw images and material identification data (line 
84). Typically, the lADC uses this information during knowledge-based 
searches 58 of the defect database 30 as discussed below. 

During the classification process, the lADC 28 refines and corrects the 
global classifications (line 86) and the integrated attributes classification (line 
87) to provide enhanced classification results (block 54). By combining the 
data from the different local classifications, the lADC can provide a more 
accurate classification than the local classifications. 

The classification refinement operation may take several forms. For 
example, the lADC 28 may combine the results of specific defect 
classifications (e.g., inspection based ADC 22 or optical review ADC 24A) and 
spatial defects distribution classification (e.g., spatial signature analysis 56) to 
refine the classification and increase it's accuracy. 

One example for providing the global classification is by using 
weighting and probability factors. That is, each tool sends classification and 
level of confidence data to the lADC 28. If a conflict arises, the lADC 28 can 
apply the level of confidence to the classification of each tool to arrive at a final 
determination. Thus, for tools 1 and 2, classifications Xi and X2, and levels of 
confidence Pi and P2, the lADC 28 can perform Pi(Xi) + P2(X2) -> Xq, where the 
classification of Xq can be determined from a look-up table or using a 
threshold. 

Using weights assigned to each tool, e.g., Wi and W2. the lADC 28 can 
give preferential treatment to certain tools (e.g.. a higher weight may be given 
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to a high sensitivity review tool than to a fast scan inspection tool). Thus, the 
lADC 28 will perform Wi • PM + W2 • P2(X2) = Xg- The weights can be 
specific to a tool and can be individualized per class of defects. As the system 
learns the sensitivity of the tools to the specific processing lines (using prior 
correct/incorrect classifications), the weights can be adjusted accordingly. It 
should be appreciated that for a certain tool/class, the weight can be set to 
zero to ignore the classification provided by that tool. In a similar fashion, FAB 
frequency can be taken into account. 

The lADC 28 may be integrated into the classification chain depicted in 

FIGURE 2. In this case, the classification is refined after each stage in the 

chain. That is, the classification is refined after the inspection based ADC 22. 

It is refined again after the optical review ADC 24A and once again after the 

SEM ADC 24B. 

Furthermore, the lADC 28 may integrate the above chain into a leaming 
system that combines all past defect results and spatial signature analyses. 
The results of a knowledge-based classification (one or more class identifiers 
and related data) are processed (line 88) by the enhanced ADC component 
62. From this, the component 62 generates a classification history which may 
include the original input data (classification attributes), the original 
classification data, the intermediate refinement data and the final classification 
data. 

The classification history data is used (line 90) by the ADC leaming 
system 64 to assign and refine confidence levels and weights for future ADC 
results and to optimize the integrated ADC operation for faster and more 
accurate classifications. Thus, the learning system 64 uses information from 
prior defects to continually refine the classifications and the assignment of 
defects to those classifications. 

The classification process may be better understood by way of the 
following example. Initially, the lADC 28 receives defect infomiation from one 
of the ADC tools. The defect may be, for example, a foreign particle on the 
surface of the wafer where the particle has a particular size and shape. In this 
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example, the received defect information may initially only include the local 
class number (e.g., the number 25) that the ADC tool assigns to this type of 
defect. Preferably, the defect information also includes a confidence level 
determined by the Inspection tool. 

The next step in the process may depend on the reported confidence 
level or the confidence level that the lADC assigned to the local defect 
classification. For example, when there is a high level of confidence that the 
ADC tool accurately identifies this class of defect, the lADC may simply 
translate the local class into a global class. A high level of confidence for a 
given local class may be indicated by a high confidence value relative to the 
confidence level of other classes assigned to this defect by other ADC 
processes (e.g., 90% vs. 10%). 

When a translation of this particular local class to a global class has 
been predefined, the translation process may simply involve changing the 
class number. When the translation has not been predefined, however, the 
lADC must fit the class into an existing global class or generate a new global 
class for this type of defect. 

If the confidence level is not particularly high, the lADC 28 may perform 
additional steps to calculate an appropriate global class. This may be the 
case, for example, when two ADC tools assign different classes to the defect 
and each class has approximately the same confidence level. 

In this case, the lADC 28 may request the defect attributes (e.g.. 
sensing attributes such as intensity level or defect attributes such as whether 
it is a particle; its size: e.g., less than 0.1 microns; and its shape: e.g., 
approximately round) from the ADC tools and assign a class based the 
corresponding defect attributes 50 and/or on spatial signature analysis 
information 56 associated with the defect. This may involve, for example, 
comparing the defect attributes with the attributes associated with the global 
classes. 

In addition, the lADC 28 will assign an initial confidence level to this 
class. In accordance with the invention, the lADC may assign a confidence 
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level by combining algorithmic approaches with past empirical data. For 
example, the confidence level may be based on the relative number (e.g.. 
percentage) of matches (e.g., for size, shape, density) between the class 
attributes and the attributes associated with the defect. The class and/or the 
confidence level may then be refined by subsequent ADC processes. 

The case where two ADC tools (e.g.. 22 or 24) provide conflicting 
classification data illustrates a situation where the ADC learning system 64 
may be used to control the ADC tools to improve the inspection and review 
process in the FAB. Some ADC tools have variable defect thresholds or 
decision criteria. For example, an ADC tool may be configured so that only 
signals above a certain intensity would be reported as defects. In this case, 
after the proper classification has been determined, the ADC learning system 
64 may send messages to the appropriate ADC tools to change their 
threshold settings to result in a proper classification in future inspections. 
Alternatively, the learning system 64 may send a message to a display device 
92 that informs the FAB operator that the thresholds of the ADC tools should 
be changed. 

If the confidence level is still unacceptably low after the step previously 
discussed, the I ADC 28 may attempt to classify the defect by performing a 
database search. In this case, the lADC will compare the attributes, the 
signature analysis, the defect maps, the image data and other information 
associated with the defect with the knowledge search information (e.g.. 58 and 
60) stored in the database 30. As above, the selected global class and 
confidence levels may be based on the relative percentage of matches 
between the information associated with the defect and the information stored 
in the database 30. 

Using the defect classification data and other FAB data such as overlay, 
yield and kill ratio information, the lADC 28 attempts to generate (line 94) the 
best classification possible for a given production line. This classification 
may include a class identifier for each defect and potential alternative classes 
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in case of inconclusive class identification. In addition, the lADC typically 
produces a confidence level for each of the classifications. 

It should be appreciated that the use of the database 30 as described 
herein provides an advantageous method of coordinating the various 
processes of the yield management system 18. The database 30 stores 
infomnation that is used in the defect classification process, in the defect 
classification refinement process and in the defect source identification 
process. 

Briefly, the database 30 stores all of the defect data including the defect 
attributes, spatial signatures, the local and global classes, confidence levels, 
defect densities, descriptive texts of the events, wafer maps and images. 
Database 30 may also store manufacturer-specific data. For example, a 
manufacturer of an etch chamber may provide specific data related to defects 
caused by corrosion in the chamber. Such data can help in poinfing out the 
specific chamber causing a specific defect. 

By storing ail classification data in the database 30, a yield engineer 
can access this data to determine how a specific classification was assigned. 
Moreover, the yield engineer may perform manual classifications whereby the 
engineer manually "teaches" the system to tie specific parameters to a 
specific class, thereby customizing and improving the classification results for 
a particular FAB and application. This procedure or a similar procedure may 
be used at a later date by the system or by the FAB engineer to assign a class 
to other defects. For example, the yield enhancement system may be 
programmed to follow similar procedures to perform automatic defect 
classification. 

The lADC 28 also uses the information in the defects database 30 to 
validate the algorithmic classifications on an ongoing basis. Thus, over time, 
the accuracy of the algorithmic classifications will increase and the chance of 
erroneous or fruitless classifications will decrease. Moreover, it should be 
appreciated that the database 30 may initially be configured without any defect 
information. In this case, the yield enhancement system 18 can add defect 
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information to the database as it acquires defect information from the FAB 
and/or the operator may input information that correlates the defects with 
potential sources, or with manufacturer-specific data as it is received at the 
FAB. 

Given FAB yield data as an input, the lADC 28 can correlate yield results 
to specific defects and defect classes. As a result, the lADC may refine the 
identification of killer defects. This may, in turn, enable the yield engineer to 
ignore a significant percentage of nuisance and redundant defects, while 
concentrating on avoiding killer defects. 

Referring now to the defect source identification system 32, the 
identification system 32 uses the information from the lADC (line 94) and the 
database 30 to identify potential sources for a given defect or a class. In 
particular, the identification system 32 may use the defect source information 
stored in the database 30. This information typically would be in the form: 
machine "x" may have problem "y" and this will show up as a defect of class 
"z." Such information may be displayed on display device 92. 

The defect source identification system 32 may also perform more 
complicated defect root causes analysis. For example, the identification 
system 32 may identify a defect source using the specific defect and defect 
class identified by the inspection and review tools 22 and 24 and the local and 
global classification data and associated source information from the lADC 28 
and the database 30. For example, a class that covers missing or extra signal 
path patterns may relate to a problem in the photo-resist process. Thus, the 
source of this problem may be the introduction of a foreign particle prior to the 
etch process. Alternatively, an embedded particle may indicate a problem 
before the deposition process. These problems may, in turn, be traced to 
specific equipment in the FAB, especially when manufacturer-specific data is 
available. 

Other inputs to the identification system 32 may include work-in- 
progress ("WIP") data and yield data from the FAB host system 20 and the 
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accumulated statistical probability data calculated by the yield enhancement 
system. 

The defect source identification system 32 also generates automatic 
alarms and warnings associated with the class identifier(s) as configured by 
the FAB. In particular, the yield enhancement system 18 can provide class 
density monitoring rather than conventional total density monitoring. Because 
prior high defect events may be stored on a per class basis, the yield 
enhancement system 18 can generate alarms based on a threshold for 
specific classes. This is in contrast to many conventional systems that 
generate alarms based on a threshold for the aggregate of the defects. As a 
result, using a yield enhancement system constructed according to the 
invention, the yield engineer can rapidly identify developing excursions in a 
given class that would otherwise be insignificant (and hence relatively difficult 
to identify) in relation to the aggregate of the defects. 

The defect source identification system 32 may generate suggested 
test procedures to verify the identification of the source of the defect. For 
example, the identification system 32 may identify a given sub-process of a 
process tool (e.g., an incorrect temperature at a given etcher stage) as a 
possible source of a defect. If that process tool (e.g., the etcher) has a built-in 
self-test for that sub-process, the identification system 32 may automatically 
send a message to the process tool (using the WIP data that identifies the 
etcher number) requesting the process tool to run a self-test. In addition, the 
identification system 32 also requests the process tool to send back the 
results of the test to the identification system. This may be done, for example, 
by sending an appropriate message to the process tool or tools 96. If that 
sub-process fails (e.g., the temperature is incorrect), the identification system 
32 may increase the level of confidence that that sub-process is the cause of 
the defect, as appropriate. 

The defect source identification system 32 may initiate corrective 
procedures to fix the problem. In the previous example, the etcher may have 
an interface that allows a remote device to adjust the temperature by sending 
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an appropriate command. In this case, the identification system 32 may be 
configured to send this command in the event the self-test failed. Alternatively, 
the identification system may be configured to display a message on the 
display device 92 that infonns the FAB engineer to check parameter V (e.g., 
temperature) on machine "y" (e g., etcher number 4). 

FIGURE 4 describes yield control planning and sample planning 
operations in accordance with one embodiment of the invention. A yield 
modeling and planning component 108 generates a yield control and strategy 
plan 110. Typically, an initial plan is developed vyhen the FAB is set up based 
on simulation modeling of the performance and interaction of the equipment 
installed in the FAB. In accordance with the invention, a smart sample planner 
34 continually refines the yield control plan (e.g., the wafer inspection and 
review plans) based on in-line information such as WIP data from the FAB 
equipment, actual wafer yield data and ADC data as discussed above. 

In the yield control planning component 108, design-based yield 
modeling incorporates mathematical modeling and simulation algorithms to 
generate (line 112) predictions of yield sensitivities for each layer and for 
particular areas on the chip. Predictions may also be generated for potential 
killer defects sizes, distributions, and quantities. Process tool-based yield 
modeling uses historical data and statistical analysis and prediction to 
generate (line 114) predictions of defects for a set of process tools. 

From this information and the results from process interaction 
modeling (line 116), the modeling and planning component 108 generates 
yield predictions for the entire line and the specific production modules (lines 
118 and 120). In addition, the component 108 generates yield thresholds for 
each process module and for each process tool in the FAB (line 122). Finally, 
the yield control component 110 generates the yield control plan (line 124) for 
the entire production line. This plan may define which tools are used in the 
FAB. It may define how to position the tools and how to use them. In addition, 
the plan may specify which wafers are to be inspected. 
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The sample planner 34 uses the in-line defect classification data 
discussed above and other accumulated knowledge in the system to improve 
the effectiveness of the yield control plan. By continually refining the yield 
control plan, the sample planner 34 will enable the yield engineer to more 
effectively focus on killer defects and defects of interest. As a result, this may 
reduce the amount of time the yield engineer spends reviewing defects on 
each wafer and reduce the number of test wafer that must be wasted when 
setting up a wafer process in the FAB. 

The sample planner 34 generates a preliminary inspection and review 
plan (line 126) using the yield control plan and an enhanced set of initial 
planning rules (line 128). The initial sample plan is optimized using efficiency 
estimations (line 130) to produce the wafer inspection plan (line 132, e.g., 
which wafer to inspect, when to inspect it and how to inspect it), an optical 
review plan (line 134) and a SEM review plan (line 136). 

Using the above information, the sample planner generates inspection 
recipes that are tuned and optimized for the specific layer inspected. The 
sample planner provides optimized ADC, by an inspection tool (re-visited) 
and/or by a review tool. The sample planner also may provide an optimized 
sampling plan for the review tool. 

The sample planner may be programmed to "learn" which type of 
defects warrant further review and which type of defects may be skipped during 
the review process. For example, if a hundred particles are located at a 
specific location on the wafer, it may only be necessary to review a few (e.g., 
five) of these particles with the review tool. This may be the case where there 
is a relatively high level of confidence in the defect information provided by an 
inspection tool that indicates that all one hundred of the defects are similar 
particles. This high level of confidence may result from, for example, prior 
occurrences of similar defects. Thus, once the system is tuned and there is 
confidence in the inspection tool, this information may be programmed into the 
sampling plan so that the review tool automatically reviews just five of the one 
hundred defects. 
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As discussed above in conjunction with FIGURES 1-3, the inspection 
and review information is then fed back into the yield enhancennent system 18 
(line 138). The fed back information is used for efficiency evaluations and to 
generate proposed enhancements to the inspection and review plans and for 
an efficiency evaluation of the original inspection plan (line 140). These 
enhancements are based on the inspections and review direct results 
(defects of interest) and on the historical correlation of the defects to actual 
yield (test data). 

The inputs to the efficiency estimator include layer and process tools 
data acquired from the FAB host (line 142). This may include, for example, 
metrology and process tool data such as the state of a process tool. The 
inputs may also include killer defect identification information that is based on 
past correlation with actual yield data (line 144). In addition, defects 
classification information (line 146) and information about the defects 
distribution on the wafers that is obtained from spatial signature analysis (line 
148) may also be fed into the yield enhancement system 18. 

From the above, it may be seen that the sample planner uses the layer 
and tool information to decrease inspection and review time and improve 
inspection results. This results in reduced test wafer consumption in the FAB 
and reduces throughput time for production material, reduces capital 
expenditures for inspection/ review/metrology tools and saves FAB floor space. 

The automatic yield enhancement system shortens the time to identify 
the sources of yield excursions, shortens the learning time of new defects, and 
improves the productivity of the wafer inspection and review tools by optimizing 
their use. These goals are achieved through improved data management: 
integrating several types of FAB data and utilizing new software algorithms to 
automate and speed up the decision process to monitor and control FAB yield. 
The system is a learning system, accumulating data in both automatic and 
manual modes, and improving the accuracy of automatic decisions based on 
that accumulated data. The productivity of the inspections and review tools 
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also is improved by the sampling planning module. This module uses the 
integrated data to provide improved plans for using the tools. 

The system may be deployed across the FAB, as an overall yield 
enhancement system. Alternatively, it may be deployed in specific areas of the 
FAB to provide yield control for a specific group of process, inspection, and 
metrology tools. For example, in a fully automated system (manufacturing 
cells, short loop control), the validation and corrective action may be 
conrimunicated automatically to the process tool, thereby prompting it to 
perform automatic service routines. In this embodiment, the system uses the 
service routines supplied by the process tool manufacturer and complies with 
the protocol that activates them automatically. 

It should be appreciated that the defect knowledge database can be 
used for defect source identification irrespective, or in addition to, defect 
classification. Thus, for example, inspection tool 22 (Fig. 1) can send a defect 
map to the automatic yield enhancement system 18. Then, certain or all of the 
defects (depending, for example, of the output of the smart sampling plan 34) 
may be reviewed in the optical and/or SEM review tool (24A, 248, Fig. 2). 
Further, if particles are found, a material (EDX) analysis can be performed 
using, for example, a SEM review station such as the Opal 9300 in an EDX 
mode. 

Since the defect knowledge database includes defect information, such 
as manufacturer specific and previous analyses results, a search for a match 
can be performed using the optical and/or SEM images and the EDX results. 
In many cases, a good match can obviate further processing and point directly 
at the defect source and proposed corrective action. For example, particles 
can come from different sources and different parts of the processing 
chambers. When particles or particular composition are identified, they are 
stored in the defect knowledge database. When the source of the particles 
has been eliminated using a particular corrective action, the corrective action 
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is also stored with a link to the particle information. Then, using a material 
composition match, the appropriate chamber can be identified and the stored 
corrective action provided as a probable solution for the problem. 

Thus, for example, when it is discovered that particles of particular 
composition have been introduced from a dome of an etcher, and that a 
plasma clear has solved the problem, such data can be stored in the defect 
knowledge database. Then, during an investigation of particles problem, 
when the EDX reveals that the particles are of the same composition as stored 
in the database, the system may suggest that a plasma clean be performed 
on the etcher dome. Thus, the suggested corrective action can be reached at 
very fast, while avoiding having to perform much processing. Of course, at the 
same time the system may perform the classification and other processing as 
discussed above. 

From the above, it may be seen that a system constructed according to 
the invention provides improved semiconductor fabrication. While certain 
specific embodiments of the invention are disclosed as typical, the invention is 
not limited to these particular forms, but rather is applicable broadly to all such 
variations as fall within the scope of the appended claims. To those skilled in 
the art to which the invention pertains many modifications and adaptations will 
occur. For example, various method classification schemes and methods 
may be used in implementing the teachings of the invention. In addition, a 
variety of methods may be sued to identify the source of defects. Moreover, the 
learning aspects of the invention may be implemented in many ways. Thus, 
the specific structures and methods discussed in detail above are merely 
illustrative of a few specific embodiments of the invention. 
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WHAT IS CLAIMED IS: 

1. In a semiconductor fabrication plant, a defect classification method 
comprising the steps of; 

receiving, from a wafer analysis tool, classification data 
associated with a defect; 

receiving, from a wafer analysis tool, defect attribute data 
associated with the defect; and 

assigning, based on the classification data and the defect 
attribute data, a global classification to the defect. 

2. The method of claim 1 wherein the assigning step further comprises 
the step of comparing at least one attribute of the global classification 
with yield data from the fabrication plant. 

3. The method of claim 1 wherein the assigning step further comprises 
the step of comparing the defect attribute data with attribute data stored 
in a database. 

4. The method of claim 1 further comprising the step of assigning, based 
on empirical defect data, a confidence level to the global classification. 

5. The method of claim 1 wherein the assigning step further comprises 
the step of comparing an attribute of the global classification with 
spatial signature analysis data associated with the defect. 

6. The method of claim 1 further comprising the step of identifying, based 
on the global classification, at least one suggested source of the defect. 

7. The method of claim 1 further comprising the step of generating update 
data for at least one of a wafer inspection plan and a wafer review plan. 

8. The method of claim 1 further comprising the step of generating 
corrective action data for a wafer process tool. 
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9. The method of claim 1 further comprising the step of initiating a 
verification operation for a wafer process tool. 

10. An automatic yield enhancement system for a semiconductor 
fabrication plant, comprising: 

a global automatic defect classification module receiving defect 
classification data from at least one of inspection and review tools, 
and generating therefrom a global defect classification; 

a defect reference database storing characteristics of various 
wafer defects; and 

a defect source identification module receiving the global defect 
classification and data from the defect reference data base and 
determining therefrom defect identification data and defect source 
data. 

11. The automatic yield enhancement system of claim 10, further 
comprising a learning module receiving the defect identification data 
and based thereupon adjusting operation parameters of the global 
automatic defect classification module. 

12. The automatic yield enhancement system of claim 10, further 
comprising a learning module receiving the global defect classification 
and sending update information to at least one of the inspection and 
review tools. 

13. The automatic yield enhancement system of claim 10, further 
comprising a corrective action module receiving data from at least one 
of the global automatic defect classification module, the defect 
reference database, and the defect source identification module, and 
providing a check list of proposed investigative and corrective actions to 
be taken for reducing identified defects. 
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14. The automatic yield enhancement system of claim 10, further 
comprising an equipment operation parameters module receiving the 
defect source data and based thereupon sending a self diagnostic 
instruction to the fabrication planf s processing equipment. 

15. The automatic yield enhancement system of claim 10. further 
comprising a sampling module receiving data from the inspection tool 
and the defect reference database and, based thereupon, generating a 
defect review sampling plan. 

16. receiving defect attributes and classification data from inspection and 
review tools, and performing the following operations: 

for each defect examining whether the classification of the 
inspection and review tools are the same and, if so. issuing the 
classification as the global classification; 

when the classification of the inspection and review tools is 
different, examining the defect attributes data to determine global 
classification for the defect; 

when the attributes and classification data do not lead to a 
predefined certainty in defect classification, searching a defect 
database to determine a global classification for the defect; 

when necessary, based on the global classification, sending a 
signal to one of the inspection and review tool to adjust 
classification parameters. 

17. A method of identifying a source of a wafer defect in a semiconductor 
fabrication plant, the method comprising the steps of: 

receiving defect classification data from a wafer analysis tool; 

generating a global defect classification; 



23 



CTmCT'WT'TTT'l? CTTT7T7T' / ^..ta ^iC \ 



wo 99/59200 PCT/US99/09933 

Storing characteristics of various wafer defects in a database; 
and 

determining defect identification and defect source data from the 
global defect classification. 



24 



wo 99/59200 



PCTAJS99/09933 



1/4 



20 



FAB HOST SYSTEM/MES 



18 



AUTOMATIC YIELD ENHANCEMENT SYSTEM 



DEFECT SOURCE IDENTIFICATION SYSTEM 



GLOBAL, INTEGRATED. 
AUTOMATIC DEFECTS 
CLASSIFICATION 



28 



1 



SMART SAMPLE 
PLANNER 



34 



DEFECT 
KNOWLEDGE 
^ATABASE_ 



30-^ 



INSPECTION TOOL{S) 



LOCAL ADC 



ON THE FLY 
ADC 



ONLINE 
ADC 



22 



REVIEW TOOMS) 



TESTTOOqS) 



LOCAL ADC 



24 



26 



7 



FIG.1 



wo 99/59200 



2/4 



PCT/US99/09933 




wo 99/59200 



PCT/US99/09933 



3/4 



22 



r28 



INSPECTION 
BASED ADC 




f ON THE FLY \ 
ANALYSIS ) 


y-66 




f 




f ATTRIBUTES ->^ 
llDLASSIFICATION^ 


r72 




r24A \ 


OPTICAL 
REVIEW ADC 




f ON THE FLY ^ 
ANALYSIS j 










f AnRIBUTES->'' 
^CLASSIFICATION^ 






r24B / 1 



SEM REVIEW 
ADC 



ON THE FLY 
ANALYSIS 



AnRIBUTES-> 
CLASSIFICATION 



EDX 
(INTEGRATED 
OR NON) 



GLOBAL INTEGRATED ADC 
(lADC) 

_ /56 

SPATIAL^ 
SIGNATURE 
■ ANALYSIS j 



68> 



Z 



INTEGRATED 
ATTRIBUTE: 
CLASSIFICATIONS 



50 



r64 




74> 



84> 



52 



A. 



rCLASSIRCATION 
GLOBAUZER 
(TRANSLATION) 




86^ 



54^ 



ADC 
LEARNING 
SYSTEM . 



CLASSIFICATION 
REFINEMENT 



90 



IMAGES AND' 
COMPOSITION 

KNOWLEDGE 
. SEARCH 



ATTRIBUTES 

BASED 
KNOWLEDGE 



SEARCH 



60 



DB ENHANCED 
ADC 




DEFECT 
KNOWLEDGE - 
DATABASE ^ 



30 



PROCESS 
TOOL(S) 

96^ 



32 



CLASSIFICATION PER DEFECT. 
ROOT CAUSE ANALYSIS. 
CORRECTIVE ACTION. 
1 





DISPLAY 




DEVICE 


92^ 



FIG. 3 



wo 99/59200 



PCT/US99/09933 



4/4 



YIELD MODEUNG AND PLANNING 



DESIGN BASED 
YIELD MODEL 



EQUIPEMENT/ 
PROCESS BASEDI 
. YIELD MODEL 




PROCESS 
INTERACTION 
. MODELING . 



YIELD MODEL, 
YIELD 

I predictionJ 


120> J 


DETECTS 
•ALLOCATIONS" 
L PER STEP J 





•118 



122 



■110 



YIELD CONTROL 
STRATEGY AND PLAN 



^M^^RT SAMPLE 



108 



FIG. 4 



INITIAL SAMPLE 
PLAN 



RT SAMPLE PLANNER 
128 



SAMPLE PLAN 
LEARNING MODULE 



OPTIMIZED SAMPLE 
PLAN 




24A 



248 



INSPECTION 
ADC 



OPTICAL REVIEW 
ADC 



SEM REVIEW 
ADC 




138 



INTERNATIONAL SEARCH REPORT 



Intet jnal Application No 

PCT/US 99/09933 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 H01L21/66 



According to Intemationai Patent Classr^ation (IPC) or to both nationai ctassification and IPC 



B. FIELDS SEARCHED 



Minimum documartallon searchod (classification system followed by classification symbols) 

IPC 6 HOIL 



Oocumentatton searched other than mtnimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (nanne of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation of ck>cumQnt, with indication, where appropriate, of the relevant passages 



Relevant to daim No. 



DE 196 41 414 A (KTI SEMICONDUCTOR LTD 
; TEXAS INSTRUMENTS JAPAN (JP); KOBE STEEL 
LT) 10 April 1997 (1997-04-10) 

column 1, line 1 - line 30 

column 8, line 59 - line 55 

EP 0 783 170 A (SIEMENS AG) 
9 July 1997 (1997-07-09) 

column 8, line 14 - column 9, line 3 

US 5 539 752 A (BEREZIN ALAN ET AL) 
23 July 1996 (1996-07-23) 
column 1, line 1 - line 56 

-/-- 



1-3,6,7, 

10,11. 

16,17 



1-3,5-7, 

10-12, 

16,17 



8,9, 
13-15 



Further documents are listed in the conttnuatton of box C. 



Patent family members are isted in annex. 



^ Special categories of cited documents : 

"A" document deftnir^ the general state of the art ^tch is not 
considered to be erf particular relevance 

"E" earlier document but published on or after the International 
tiling date 

"L' document which may throw doubts on priority claim{s) or 
whi^ is cited to establish the puUicatton date of another 
citation or other special reason (as specified) 

"O* document referrir^ to an oral disclosure, use, exhbltionor 
other means 

•P" document pubPshed prior to the international filing dale but 
later than the priority date claimed 



'T" later document published after the intemattonat tiling date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory uriderlyirtg the 
invention 

*X' document of particular re levarK:e: the claimed invention 
canruM be cor^dered novel or cannot be constdered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance: the claimed invention 
canrwt be considered to irrvotve an inventive step when the 
document is combined with one or more (Mher such docu- 
ments, such combirution being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date of the actual completion of the intemationai search 



9 August 1999 



Date of mailing of the intemationai search report 



17/08/1999 



Narrte and mailing address of the ISA 

Eurc^an Patent Office. P.B. 5818 Patenttaan 2 
NL-22^HVRijswqk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo rtf. 
Fax: (+31-70) 34O-3016 



Authorized officer 



Prohaska, G 



fom PCTnSA/2\0 (Mcond sheet) (Jufy 1992) 



INTERNATIONAL SEARCH REPORT 



tnter nal Application No 

PCT/US 99/09933 



C.(Contlnuatton) DOCUMENTS CON^DERED TO BE RELEVANT 



Calegory ' CUaiion ol document, with indicatlwvwriere appropnato. ot the rstevam passages 



Relevant to claim No. 



EP 0 910 123 A (HITACHI INSTRUMENTS ENG 
;HITACHI LTD (JP)) 
21 April 1999 (1999-04-21) 
the whole document 
& WO 97 35337 A (...) 
25 September 1997 (1997-09-25) 



8,9, 
13-15 



P,A 



US 5 777 901 A (BEREZIN ALAN 
7 July 1998 (1998-07-07) 
the whole document 



ET AL) 



1-17 



Foim PCT/ISA/210 (continual ol second £hwt) (Jtiy 1992) 



INTERNATIONAL SEARCH REPORT 

uif oimation on patent family members 



Inter nal Application No 

PCT/US 99/09933 



Patent document 
cited in search report 



Publication 
date 



Patent tamily 
member(s) 



Publication 
date 



DE 


19641414 


A 


10-04-1997 


JP 


9186208 


A 


15-07-1997 


EP 


0783170 


A 


09-07-1997 


CA 


2194341 


A 


05-07-1997 










JP 


9270012 


A 


14-10-1997 


US 


5539752 


A 


23-07-1996 


NONE 








EP 


0910123 


A 


21-04-1999 


WO 


9735337 


A 


25-09-1997 


US 


5777901 


A 


07-07-1998 


NONE 









FoOTi PCT/ISA/210 (paten! (an^ anrwx) (JUy %992) 



